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@ Chemical vapor deposition method for fomfiing silicon oxide film. 



@ A chemical vapor deposition' method for 
forming a fluorine-containing silicon oxide film 
comprises introducing a gaseous mixture of 
all<oxysilane or its polymers as a source gas 
with fluoroalkoxysilane added thereto into a 
reaction chamber and perfonming decomposi- 
tion of the gaseous mixture to deposit the 
fluorine-containing silicon oxide film onto a 
substrate. During the formation of the 
fluorine^ontalning silicon oxide film, at least 
one of compounds containing phosphorus or 
boron such as organic phosphorus compounds 
and organic boron compounds may be evapo- 
rated and introduced into said gaseous mixture, 
thereby adding at least one of phosphorus and 
boron to said fluorine-containing silicon oxide 
film. The fluorine-containing oxide film may be 
formed by effecting the decomposition of the 
gaseous mixture in the presence of ozone gas, 
or under ultraviolet radiation, or gas plasma. 
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BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to a chemical vapor 
deposition method, and more partlculariy to a method 
for forming a silicon oxide film. 

(2) Description of Related Art 

There has been a conventional chemical vapor 
deposition method where a silicon oxide film is fonmed 
by using tetra-ethyl orthosilicate. Si(OC2H5)4. as a 
source gas and decomposing It at atmospheric pres- 
sure. For example, tetra-ethyl orthosilicate as a 
source gas and trimethoxy phosphate, PO(OCH3)3, 
and trimethoxyboron, B(OCH3)3, as doping gases are 
introduced into a chamber, mixed with an ozone gas 
produced by an ozone generator, and decomposed to 
form a silicon oxide film doped with phosphorus and 
boron. Alternatively, the fonmation of silicon oxide 
films is performed without using any doping gas [Jour- 
nal of Electronic Materials. Vol. 19. No. 1 (1990) pp. 
45-49]. 

The conventional method of fonmlng the silicon 
oxide films in the presence of ozone gas as described 
above has the following problems. First, it cannot be 
said that the resultant films are of good quality in spite 
of so high temperature for forming the filnns as in the 
range of 350 to 400'*C. This may be attributed to the 
high decomposition temperature of the source gas 
rendering the condensation polymerization insuffi- 
cient, and therefore, even such a temperature as in 
such range cannot allow production of a high quality 
silicon oxide film. Secondly, the silicon oxide films pro- 
duced according to the prior art have a strong internal 
tensile stress of about 1x10® dyn/cm2, and because 
of the high film fomning temperature of 350 to 400''C, 
a thick film or a nmjitilevel film formed is susceptible 
to cracks due to themial stress so that they are unsu li- 
ed to practical use. Thirdly, owing to the high film form- 
ing temperature, for example, when the films are pro- 
duced on the top of an aluminum wiring, protrusions 
so-called hillocks may be produced on the surfaces of 
the aluminum wirings causing electrical shorts be- 
tween the wiring and the overlying one, thereby mark- 
edly lowering production yield. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention 
to provide an improved method for forming a silicon 
oxide film which overcomes the problems existing In 
the conventional chemical vapor deposition method 
as described above. 

A chemical vapor deposition method according to 
the present invention is characterized by using alkox- 
ysilane, Si(QR)4 where R is an alkyi radical group, or 



its polymers as a source gas and adding thereto fluo- 
roalkoxysilane, Si(OR')n F4- n where R' is an alkyl rad- 
ical group and n is an Integer of 1 to 3, to form a flu- 
orine-containing silicon oxid film at low r tempera- 
5 tures. 

In an embodiment of the present invention, there 
is provided a chemical vapor deposition method char- 
acterized in that during the above-mentioned fiuorine- 
contalning silicon oxide deposition, at least one of 

10 . phosphorus containing compounds and boron con- 
taining compounds such as organic phosphorus and 
organic boron compounds is vaporized and used as 
doping gas and phosphorus and/or boron is added to 
the fluorine-containing silicon oxkJe film. 

IS In another embodiment of the present inventkin, 
there is provided a chemical vapor deposition method 
characterized by forming the fluorine-containing sili- 
con oxide film in- the presence of ozone gas, or under 
ultraviolet radiation or gas plasma. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects, features and advantages of 
the present Invention will be apparent from the follow- 

25 ing description of preferred embodiments according 
to the present Invention with reference to the acconrv 
panying drawings, in which: 

Fig. 1 is a schematic drawing of an apparatus 
which is used for the formation of the fluorine-con- 

30 taining silicon oxide film according to the first em- 
bodiment of the present invention; 
Fig. 2 is a graph showing a comparison in Fourier 
transform infrared absorption between the pres- 
ent invention and the prior art; and 

35 Fig. 3 is a schematic drawing of an apparatus for 

a Plasma Enhanced Chemical Vapor Deposition 
which is used for the formation of the fluorine-con- 
taining silicon oxide film according to the second 
embodiment of the present invention. 

40 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

The present invention Is described with reference 
45 to the accompanying drawings. Fig. 1 is a schematic 
drawing of an apparatus used for the formation of the 
fluorine-containing silicon oxide film according to the 
first embodiment of the present invention. A flow of 
oxygen gas is controlled at a flow rate of 10 SLM by 
50 a flow controller 106 and Introduced into an ozone 
generator 1 05, where ozone is generated at a concen- 
tration of about 20,000 ppm, and introduced into a re- 
action chamber through a dispersion head 104. At the 
same time, a flow of n Itrogen gas Is controlled at a flow 
55 rate of 2 SLM by a controller 107. Another flow of ni- 
trogen gas is divided into two parts, one of which is 
controlled at a flow rate of 2 SLM by a controller 108 
and bubbled in a bubbler 1 lOcontaining tetra-ethyl or- 
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thosilicate, Si(OC2H5)4, maintained at a temperature 
of 60^C to vaporize the same, and th other of which 
is controlled at a flow rate of 2 SLM by a controller 109 
and bubbled in a bubbler 111 containing fiuorotrie- 
thoxysllane, FSI(OC2H6)3, maintained at a tempera- 5 
ture of 60*^0 to vaporize the same. The nitrogen gas 
flows from the controller 107 and the bubblers are in- 
troduced into the reaction chamber through the dis- 
persion head 104. These gases are mbced in the re- 
action chamber, decomposed, and deposited onto a io 
semiconductor substrate 101 placed on a susceptor 
103 which is maintained at 200''C by heating with a 
heater 102. 

By the apparatus as described above, a fluorine- 
containing silicon oxide film having a thiclcness of is 
about 1 \xm was formed on a silicon substrate and ex- 
amined for its characteristics. First, the examination 
for film composition by X-ray photoelectron spectro- 
metry revealed that the film had a composition of 
SiOi esFo.16 and a substantially unifonn distribution of 20 
fluorine atoms in the direction of the thickness. Next, 
the film was examined for physical, chemical and 
electric properties. The film had a refractive index of 
about 1 .425 which is smaller than that of the prbr art 
film of 1.45. 25 

Fig. 2 is a graph showing a comparison in Fourier 
transform infrared absorption between an example of 
the present invention and the prior art. There are 
shown (a) an Infrared absorption spectrum of the flu- 
orine-containing oxide film fonned on a silicon sub- 30 
strate at a substrate temperature of 200''C according 
to the example of the present method and (b) that of 
the silicon oxide film containing no fluorine which was 
formed at a substrate temperature of 400^C according 
to the prior art As can be seen from the Figure, the 35 
fluorine-containing silicon oxide film of this example 
has the absorption peak corresponding to a Si-0 bond 
ata wayenumber of about 1080 cnr^ which is higher 
than a wavenumber of about 1067 cnrr^ at which the 
silicon oxide film produced by the prior art has the ab- 40 
sorption peak corresponding to a Si-0 bond. This in- 
dicates that the Si-0 bond in the fluorine-containing 
silicon oxide film according to tills example is stronger 
than that of ttie silicon oxide film formed according to 
the prior art. 45 

Similariy, It can be appreciated from Figure 2 that 
the magnitude of the absorption peak corresponding 
to an OH group appearing in the vicinity of a wave- • 
number of 3400 cm^^ Is smaller in the case of the flu- 
orine-containing silicon oxide film of this example so 
than in the prior art silicon oxide film. This indicates 
that the fluorine-containing silicon oxide film of tiie ex- 
ample has a lower water content. The results thus ob- 
tained from the infrared absorption spectra indicate 
that the fluorine-containing silicon oxide film fonned ss 
even at a lower temperature of 200''C according to 
this example is superior in quality to the prior art sili- 
con oxide film formed at a higher temperature of 



400»C. 

Moreover, the fluorine-containing silicon oxid 
film according to this xampie was examin dfor tch- 
ing rat with a buffered solution of hydrofluoric acid of 
1 :30. It exhibited an etching rate of about 800 A/min. 
whereas the silicon oxide film of the prior art did an 
etching rate of about 1000 A/min. in the identical ex- 
amination. This indicates that the fluorine-containing 
silicon oxide film of this example has a higher density 
than that of the silicon oxide film formed by the prior 
art. The fluorine-containing silicon oxide film of tills 
example had an internal stress of 2 x 10^ dyn/cm^ 
which was lower by one order of magnitude than that 
of the prior art silicon oxide film of 1 x 10^ dyn/cm^. 

The films were checked for electrical properties 
with aluminum electrodes of an area of about 4 mnrt^ 
being formed on the films. When a voltage of 5 V was 
applied onto tiie samples, the fluorine-containing sil- 
icon oxide film of this example exhibited a leakage 
current density of about 5 x 10-^^ A/cm^ which was 
lower than that of the prior art silicon oxide film of 
about 2 X 10-^® A/cm2. Furthermore, the fiuorine-con- 
talning silicon oxide film of this example had a lower 
dielectric constant of about 3.7 obtained from the ca- 
pacitance-voltage measurement at a frequency of 1 
MHz, as compared with the prior art silicon oxide film 
having a dielectric constant of 4.1. 

Next, another example of the present invention 
will be described witii reference to the drawings. Fig- 
ure 3 is a schematic drawing of an apparatus for a 
Plasma Enhanced Chemical Vapor Deposition which 
was used for the formation of the fluorine-containing 
silicon oxide film according to the second embodi- 
ment of the present invention. In tiie Figure, a reaction 
chamber 301 is evacuated to a predetermined con- 
stant pressure and an oxygen gas is introduced into 
the reaction chamber 301 through a flow controller 
308. A cathode electrode 303 is supplied with a high 
frequency power of 13.56 MHz. An anode electrode 
302 is grounded and a semiconductor substrate 305 
is maintained at a predetermined temperature by a 
heater 304. As reaction gases, tetra-ettiyl orthosili- 
cate, Si(OC2H5)4 and fluorotriettioxysilane, 
FSi(OC2H5)3, are evaporated in bubblers 309 and 
310, respectively, and introduced into the reaction 
chamber. Nitrogen gas is introduced into tiie bubblers 
309 and 310 through flow controllers 307 and 308, re- 
spectively. 

In this example, there was produced a fluorine- 
containing silicon oxide film having a thickness of 
about 1 ^m under the film fonning conditions of a sub- 
strate temperature of 200*'C, a pressure inside tiie re- 
action chamber of 0.3 Torr and a high frequency pow- 
er density of 0.5 W/cm2 The fluorine-containing sili- 
con oxide film thus fonned was evaluated for film 
properties. As a r suit, there were obtained the same 
results as tiiose in the first example. 

Although in both the first example and the second 
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one no dopant was introduc d into the fluorine-con- 
taining silicon oxide film, if n c ssary, an organic 
compound containing at least one of phosphorus and 
boron such as trimethoxy phosphat , PO(OCH3)3, or 
trimethoxy boron, B(OCH3)3. may be similarly evapo- s 
rated by bubbling and used as doping gas for adding 
at least one of phosphorus and boron to the fluorine- 
containing silicon oxide film, (n addition, the film form- 
ing temperature niay be above 200''C and other film 
forming conditions may be changed, if necessary. It io 
should be understood that the present invention can 
be applied to methods other than those described in 
the examples such as a plasma-assisted method, a 
themrial chemical vapor deposition method and a pho- 
tochemical vapor deposition method using ultraviolet is 
radiation. 

As described above, the present Invention en- 
ables deposition of a silicon oxide film having superior 
film characteristics at lower temperatures by a chem- 
ical vapor deposition method with organic sources, in 20 
which fluoroalkoxysilane is added. Despite the fonma- 
tlon at lower temperatures, the water content can be 
reduced. Thus, the use of the film in semiconductor 
devices allows the reliability thereof to be markedly 
enhanced. 25 

When the films are used as insulating films inter- 
posed between layers in a multilevel Interconnection 
with aluminum wirings and the like, a thick film can be 
formed without causing any crack, and moreover, no ' 
aluminum hillock is fonmed, since the films are pro- 30 
duced at lower temperatures, highly dense and less 
stressed. Therefore, the present invention has advan- 
tages of increasing the production yield of semicon- 
ductor devices having a multilevel interconnection as 
well as enhancing the reliability thereof. 35 

While the invention has been described in its pre- 
ferred embodiments, it is to be understood that the 
words which have been used are words of description ' 
rather than limitation and that changes within the pur- 
view of the appended claims may be made without de- 40 
parting from the true scope and spirit of the invention 
in its broader aspects. 



group. 

3. The method according to daim 2, in which said al- 
koxysOane is t tra-ethyl orthosilicate. 

4. The method according to claim .1. in which sakJ 
fluoroalkoxysilane Is represented by the general 
chemical formula, Si(OR')n F^^ „, where is an al- 
kyl radical group. 

5. The method according to claim 4, in which said 
fiuoroalkoxysOane Is fluorotriethoxysilane. 

6. The method according to daim 1 , in which during 
the formation of said fluorine-containing silicon 
oxide film, at least one of compounds containing 
phosphorus or boron such as organic phosphorus 
compounds and organic boron compounds is 
evaporated and introduced into said gaseous 
mixture, thereby adding at least one of phos- 
phorus and boron to said fluorine-containing sili- 
con oxide film. 

7. The method according to daim 1 , in which said at 
least one of compounds containing phosphorus 
or boron Is selected from the group consisting of 
trimethoxy phosphate. PO(OCH3)3. and trime- 
thoxyboron, B(OCH3)3. 

8. The method according to daim 1, in which said 
decomposition of the gaseous mixture to deposit 
the fluorine-containing silicon oxide Aim onto a 
substrate is performed at a temperature of about 
200*»C. 

9. The method according to daim 1, in which said 
fluorine-containing silicon oxide film is fonned by 
effecting said decomposition of the gaseous mix- 
ture in the presence of ozone gas, or under ultra- 
vk)let radiation, or gas plasma. 



Claims 45 

1. A chemical vapor deposition method for forming 
a fluorine-containing silicon oxide film comprising 
introducing a gaseous mixture of alkoxysilane or 

its polymers as a source gas with fluoroalkoxysi- so 
lane added thereto into a reaction chamber and 
performing decomposition of the gaseous mixture 
to deposit the fluorine-containing silicon oxide 
film onto a substrate. 

55 

2. The method according to claim 1 , in which said al- 
koxysilane is represented by the general chemi- 
cal fomiuta, Si(OR)4, where R is an alky! radical 
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